Introduction {#section5-2050312119871066}
============

A lumbar puncture (LP) or spinal tap, which is used to obtain cerebrospinal fluid (CSF), is a commonly used diagnostic procedure to rule out or diagnose various critical neurological conditions.^[@bibr1-2050312119871066],[@bibr2-2050312119871066]^ The procedure may also be performed for therapeutic and anesthetic indications.^[@bibr1-2050312119871066][@bibr2-2050312119871066]--[@bibr3-2050312119871066]^ It is considered a relatively invasive procedure, with some minor complications, including low back pain, bleeding, and headaches.^[@bibr2-2050312119871066]^ In rare cases, it may be associated with serious and potentially fatal complications, such as transmission of infections, nerve root injury, and brain herniation.^[@bibr2-2050312119871066]^ Although serious LP-related complications are infrequent, especially when the procedure is performed by an expert,^[@bibr2-2050312119871066]^ concern about such complications, along with a lack of awareness about the clinical significance of LPs, is one of the main reasons why patients refuse consent for LPs.^[@bibr4-2050312119871066]^

Some studies on parents of children with febrile seizures in East Asia reported that the LP refusal rate ranged from 25% to around 28%.^[@bibr5-2050312119871066],[@bibr6-2050312119871066]^ A study conducted with parents in the United Arab Emirates reported a refusal rate of 44%.^[@bibr7-2050312119871066]^ In contrast, in the United States, the LP refusal rate for patients with Lyme disease was just 5%,^[@bibr8-2050312119871066]^ and it was just 7% in a Danish study on patients with isolated optic neuritis.^[@bibr9-2050312119871066]^ Attitudes toward the LP procedure may vary, depending on cultural beliefs, geographical location, and knowledge levels.^[@bibr1-2050312119871066],[@bibr5-2050312119871066],[@bibr10-2050312119871066]^ Patients who refuse consent for LP procedures will be subjected to unwanted hospital admission or an increased hospital stay, both of which are associated with a risk of iatrogenic complications, as well as nosocomial infections.^[@bibr1-2050312119871066],[@bibr7-2050312119871066]^ Such patients may also receive unnecessary empirical antibiotic therapy, which may lead to an increase in antibiotic resistance.^[@bibr4-2050312119871066],[@bibr7-2050312119871066]^ Information on public knowledge of and attitudes toward LPs is needed to develop a suitable strategy to increase the LP consent rate.^[@bibr10-2050312119871066]^ The latter would result in a reduction in hospitalization cost and burdens on hospitals. Likewise, improving the acceptance level of LPs could reduce unnecessary complications resulting from improper management, thereby leading to a reduction in associated morbidity and mortality.^[@bibr2-2050312119871066]^ To our knowledge, there is little information in the contemporary literature on LP-related knowledge and attitudes among the Saudi population. Therefore, the purpose of this study was to evaluate LP-related knowledge and attitudes among adults living in Riyadh, Saudi Arabia.

Methods {#section6-2050312119871066}
=======

Study subjects {#section7-2050312119871066}
--------------

This study adopted a quantitative cross-section design. It focused on the Riyadh region, which includes Riyadh city and its associated territories in Saudi Arabia, and was conducted in October through December 2018. A randomly selected population (*N* = 1500) of Saudi adults aged ⩾18 years were invited to take part in an online-based survey. The participants were selected from the Saudi Telecom Company (STC) database, with the aid of a marketing organization. All the participants received an online webpage with an explanation of the purpose of the study, and all potential participants were requested to provide informed consent before they proceeded to the online questionnaire. The participants were encouraged to complete the questionnaire voluntarily at their convenience and within the time interval of the study.

Sample size {#section8-2050312119871066}
-----------

According to the Saudi Arabia General Statistical Authority, there were 4,943,447 Saudi adults living in Riyadh in 2018.^[@bibr11-2050312119871066]^ Using the Epi Info calculator tool of the Centers for Disease Control and Prevention,^[@bibr12-2050312119871066]^ based on an acceptable error margin equivalent to 4% and the design effect of two together with a confidence interval (CI) of 95%, a sample size of at least 1200 was required. In our study, the total number of respondents included in the analysis was 1223.

Data collection tool {#section9-2050312119871066}
--------------------

The questionnaire was adapted with the permission of Wan Sulaiman et al.^[@bibr1-2050312119871066]^ and translated into Arabic. The translation process for the questionnaire included a cross-cultural validation, a review by the translation committee of our institute, and a review by a senior neurologist. Participants were excluded if they had a medical-related degree, as ascertained by a question at the beginning of the questionnaire. Repetition of responses was prevented through the linking of every survey response with an Internet protocol. The Medical College Institutional Review Board, Al-Imam Muhammad Ibn Saud Islamic University, Riyadh, Saudi Arabia approved this study protocol.

Questionnaire {#section10-2050312119871066}
-------------

The study employed a self-administrated questionnaire, which included 42 items on LP-related knowledge and attitudes and their associations toward LP procedure. The questionnaire contained multiple-choice questions, which were presented in three main segments: 14 questions on general characteristics, 18 questions on LP-related knowledge, and 10 questions on LP-related attitudes. The general characteristics included demographic variables (age, sex, marital status, level of education, occupation, health insurance, site of residence (i.e. rural or urban), and socioeconomic status). The questionnaire also included questions related to the participants' previous experience of LP, source of LP-related knowledge, and questions about needle phobias. To ensure the reliability and validity of the questionnaire, a pilot study was carried out with 25 individuals prior to the data collection. Modifications to the questionnaire were made based on this study.

Data analysis {#section11-2050312119871066}
-------------

The data were collected and tabulated using Microsoft Excel 2016 and analyzed using SPSS software, version 25 (IBM Corp., Armonk, NY, USA). Categorical variables were presented as frequencies and percentages. Both a univariate chi square analysis and logistic regression tests were conducted to determine the associations between the participants' knowledge and attitudes and their general characteristics, as well as their attitudes to the accepted level of knowledge, to obtain odds ratios (ORs) for unadjusted and adjusted models. A *p* value of \<0.05 was considered statistically significant.

Scoring system {#section12-2050312119871066}
--------------

For LP-related knowledge, a Likert-type scale was used to measure and analyze the responses, where 1 = true, 2 = false, and 3 = I do not know.^[@bibr13-2050312119871066]^ For each question, a correct response received a score of +1, and an incorrect response received a score of 0. The total achievable score based on the answers to all 18 questions was 18 (100%). The participants' knowledge level was categorized as "excellent" if they obtained a score of more than 75%, "good" if they obtained a score of between 50% and 75%, and "poor" if they obtained a score of less than 50%. Participants who achieved scores ⩾50% were considered to have an acceptable level of knowledge and used to evaluate the associations in the regression test.

For LP-related attitudes, based on the participants' response to each question, their attitudes were classified as excellent (a score of +4), good (a score of +3), neutral (a score of +2), bad (a score of +1), or poor (a score of 0). The sum of the scores on all 10 questions provided the final score for each participant, with a total achievable score of 40 (100%). The participants' attitudes were categorized as "excellent" if they obtained a score of more than 75%, "good" if they obtained a score of between 50% and 75%, and "poor" if they obtained a score of less than 50%. A score of ⩾50% was considered as an acceptable degree of attitude and used to evaluate the associations in the regression test.

Results {#section13-2050312119871066}
=======

Descriptive characteristics {#section14-2050312119871066}
---------------------------

Of the 1500 online questionnaires, 1223 were returned (81.5% response rate). [Table 1](#table1-2050312119871066){ref-type="table"} presents the demographic data. Most of the participants were aged 18--25 years (*n* = 706, 57.7%). Females accounted for more than half of the sample (females: *n* = 716, 58.5%; males: *n* = 507, 41.5%). The majority of the participants cited "student" as their current occupation (*n* = 521, 42.2%). Around 800 of the participants were single (65.5%), and 1098 of the participants lived in cities (89.8%). In terms of education levels, among the four listed categories, the majority of the participants said they had a bachelor's degree (71%). Most of the participants had no health insurance (71.3%), but the majority had a middle-income level (*n* = 850, 69.5%). Most of the respondents were aware of the LP procedure (62.4%), but the majority had no direct personal experience of LPs (90.8%) or a familial experience of LPs (60.8%). Most of the respondents expressed no fear of injections in the hand (59%), but 83.2% of the participants reported a fear of lumbar injections.

###### 

Socio-demographic characteristics of the participants (*n* = 1223).

![](10.1177_2050312119871066-table1)

  General characteristics                                      *n*    (%)
  ------------------------------------------------------------ ------ --------
  Age^[a](#table-fn3-2050312119871066){ref-type="table-fn"}^          
   18--25                                                      706    (57.7)
   26--35                                                      337    (27.6)
   36--45                                                      135    (11.0)
   46 and above                                                45     (3.7)
  Sex                                                                 
   Male                                                        507    (41.5)
   Female                                                      716    (58.5)
  Residence                                                           
   City                                                        1098   (89.8)
   Rural                                                       125    (10.2)
  Marital status                                                      
   Single                                                      801    (65.5)
   Married                                                     395    (32.3)
   Divorced                                                    25     (2.0)
   Widowed                                                     2      (0.2)
  Education level                                                     
   Pre-high school level                                       7      (0.6)
   High school diploma                                         246    (20.1)
   Bachelor's degree                                           868    (71.0)
   Postgraduate education                                      102    (8.3)
  Occupation                                                          
   Unemployed                                                  295    (24.1)
   Student                                                     521    (42.6)
   Governmental employee                                       243    (19.9)
   Private employee                                            131    (10.7)
   Business person                                             11     (0.9)
   Retired                                                     22     (1.8)
  Health insurance                                                    
   No                                                          872    (71.3)
   Yes                                                         351    (28.7)
  Income level                                                        
   Low                                                         157    (12.8)
   Middle                                                      850    (69.5)
   High                                                        216    (17.7)
  *Hearing about lumbar puncture*                                     
   *No*                                                        460    (37.6)
   *Yes*                                                       763    (62.4)
  *Experience of lumbar puncture*                                     
   *No*                                                        1110   (90.8)
   *Yes*                                                       113    (9.2)
  *Family member experience of lumbar puncture*                       
   *No*                                                        743    (60.8)
   *Yes*                                                       480    (39.2)
  *Being afraid of needle or injection on hand*                       
   *No*                                                        721    (59.0)
   *Yes*                                                       502    (41.0)
  *Being afraid of needle or injection on VC*                         
   *No*                                                        206    (16.8)
   *Yes*                                                       1017   (83.2)

VC: vertebral column.

Values are numbers and (percentage) unless otherwise is specified.

Age in years.

Knowledge and attitude scores {#section15-2050312119871066}
-----------------------------

The median score of the participants' knowledge was 27.7 (interquartile range (IQR): 33.3). Among the respondents, 80.8% of the participants had poor knowledge (\<50%), 16.8% had an acceptable moderate knowledge (50% to ⩽75%), and 2.4% had excellent knowledge. On the contrary, the median attitude score of the participants to the LP procedure was 65 (IQR: 15), with 5.9% of the participants having a poor attitude (\<50%), 79.2% having an acceptable moderate attitude (50% to ⩽75%), and 14.9% having an excellent attitude ([Table 2](#table2-2050312119871066){ref-type="table"}).

###### 

Calculated percentage score for knowledge and attitude toward lumbar puncture.

![](10.1177_2050312119871066-table2)

                 Percentage overall score                         
  -------------- -------------------------- -------------- ------ ---------
  Median (IQR)   27.7                       (33.3%)        65.0   (15.0%)
  (Min, Max)     (0.0, 100)                 (27.5, 92.5)          
  \<50%          988                        (80.8)         72     (5.9)
  50%--75%       206                        (16.8)         969    (79.2)
  \>75%          29                         (2.4)          182    (14.9)

IQR: interquartile range; Min: minimum; Max: maximum.

Values are numbers and (percentage) unless otherwise is specified.

[Tables 3](#table3-2050312119871066){ref-type="table"} and [4](#table4-2050312119871066){ref-type="table"} show the frequency of correct and incorrect answers to questions about LP-related knowledge and attitude. Question 10 in knowledge section was the most wrongly answered question by the participants (incorrect answers = 46.1%), which asked about severe back pain resulting from the LP procedure. This was followed by general knowledge about LP complications (Question 15) (incorrect answers = 39.6%). In the attitude section, Question 1, which asked about acceptance of the LP procedure in Saudi society, was the most poorly answered questions by the participants (poor answers = 19.6%). Question 9 was the second most poorly answered question (8.5%), in which 104 individuals stated that they would rather go for long time treatment than being diagnosed by LP. The majority of the participants stated that their friends and family members were the source of their LP-related information (32.7%) ([Supplemental Figure 1](https://journals.sagepub.com/doi/suppl/10.1177/2050312119871066)).

###### 

Frequency of correct and incorrect answers regarding participants' knowledge of lumber puncture (LP) (*n* = 1223).

![](10.1177_2050312119871066-table3)

  Knowledge question                                                                                                                                  False    IDK      True
  --------------------------------------------------------------------------------------------------------------------------------------------------- -------- -------- ------
  1\. In your opinion, which photo shows the LP procedure?                                                                                            148      189      886
  (12.1)                                                                                                                                              (15.5)   (72.4)   
  2\. In your opinion, which part of the spinal cord that the needle inserted?                                                                        183      247      793
  (15.0)                                                                                                                                              (20.2)   (64.8)   
  3\. In your opinion, which photo showed the right LP procedure?                                                                                     246      484      493
  (20.1)                                                                                                                                              (39.6)   (40.3)   
  4\. LP is a procedure in which a needle is inserted at the lower back of spinal column to withdraw the cerebrospinal fluid.                         247      551      425
  (20.2)                                                                                                                                              (45.1)   (34.8)   
  5\. Doctors will use analgesics and sedatives during LP. This will make this procedure relatively painless.                                         364      475      384
  (29.8)                                                                                                                                              (38.8)   (31.4)   
  6\. LP will take only approximately 10 min in the ward. The patient does not need to be in the operation theater.                                   95       672      456
  (7.8)                                                                                                                                               (54.9)   (37.3)   
  7\. Doctors do LP to diagnose bacterial, viral, and fungal infections of the brains and spinal cords such as meningitis and encephalitis disease.   168      724      331
  (13.7)                                                                                                                                              (59.2)   (27.1)   
  8\. Doctors do LP to give spinal anesthetic.                                                                                                        154      553      516
  (12.6)                                                                                                                                              (45.2)   (42.2)   
  9\. Doctors do LP as therapeutic method for some diseases such as cancer by giving chemotherapy into the cerebrospinal fluid.                       145      923      155
  (11.9)                                                                                                                                              (75.5)   (12.7)   
  10\. LP can cause severe back pain.                                                                                                                 564      552      107
  (46.1)                                                                                                                                              (45.1)   (8.7)    
  11\. After LP, the patient may have urinary continence.                                                                                             130      936      157
  (10.6)                                                                                                                                              (76.5)   (12.8)   
  12\. After LP, the patient may have erectile dysfunction.                                                                                           68       946      209
  (5.6)                                                                                                                                               (77.4)   (17.1)   
  13\. A CT scan will be done before carrying out LP if any contraindication is suspected.                                                            176      848      199
  (14.4)                                                                                                                                              (69.3)   (16.3)   
  14\. Doctors can use CT scan or MRI instead of LP for accurate diagnosis.                                                                           125      845      253
  (10.2)                                                                                                                                              (69.1)   (20.7)   
  15\. LP causes severe complications (e.g. Paralysis).                                                                                               484      597      142
  (39.6)                                                                                                                                              (48.8)   (11.6)   
  16\. LP is a low risk procedure and relatively safe.                                                                                                298      631      294
  (24.4)                                                                                                                                              (51.6)   (24.0)   
  17\. Commonest complication for LP is post puncture headache.                                                                                       43       784      396
  (3.5)                                                                                                                                               (64.1)   (32.4)   
  18\. Post LP headache can be prevented by lying flat for 6 h after the procedure.                                                                   44       931      248
  (3.6)                                                                                                                                               (76.1)   (20.3)   

IDK: I don't know; CT: computed tomography; MRI: magnetic resonance imaging.

Values are numbers and (percentage) unless otherwise is specified.

###### 

Distribution of responses regarding participants' attitude toward lumber puncture (LP) (*n* = 1223).

![](10.1177_2050312119871066-table4)

  Attitude question                                                                                                         Poor     Bad      Neutral   Good     Excellent
  ------------------------------------------------------------------------------------------------------------------------- -------- -------- --------- -------- -----------
  1\. In your opinion, our society still cannot accept LP procedure completely.                                             240      398      504       70       11
  (19.6)                                                                                                                    (32.5)   (41.2)   (5.7)     (0.9)    
  2\. LP is not safe and should be avoided.                                                                                 58       161      664       267      73
  (4.7)                                                                                                                     (13.2)   (54.3)   (21.8)    (6.0)    
  3\. In your opinion, society doesn't know the importance of LP as diagnostic method.                                      10       15       366       498      334
  (0.8)                                                                                                                     (1.2)    (29.9)   (40.7)    (27.3)   
  4\. Society doesn't need more education about LP.                                                                         87       50       176       387      523
  (7.1)                                                                                                                     (4.1)    (14.4)   (31.6)    (42.8)   
  5\. If a doctor tells me that I need LP, I prefer to be discharged at my own risk.                                        58       111      515       386      153
  (4.7)                                                                                                                     (9.1)    (42.1)   (31.6)    (12.5)   
  6\. If a doctor tells me that I need LP, I want him or her to explain the procedure.                                      10       9        121       226      857
  (0.8)                                                                                                                     (0.7)    (9.9)    (18.5)    (70.1)   
  7\. Informed consent to carry out LP should be obtained from patients or their first-degree relatives.                    20       46       246       314      597
  (1.6)                                                                                                                     (3.8)    (20.1)   (25.7)    (48.8)   
  8\. If a doctor said you should proceed with LP to diagnose your disease, you will agree by signing the consent letter.   42       118      557       344      162
  (3.4)                                                                                                                     (9.6)    (45.5)   (28.1)    (13.2)   
  9\. I rather undergo other treatment for a long time than diagnosing my disease by carrying out LP.                       104      196      518       291      114
  (8.5)                                                                                                                     (16.0)   (42.4)   (23.8)    (9.3)    
  10\. I would refuse to do LP due to my religious belief as my elders don't allow me to do so.                             10       18       361       281      553
  (0.8)                                                                                                                     (1.5)    (29.5)   (23.0)    (45.2)   

Values are numbers and (percentage) unless otherwise is specified.

Relationship between acceptable knowledge scores and other factors {#section16-2050312119871066}
==================================================================

[Table 5](#table5-2050312119871066){ref-type="table"} shows the association between the acceptable knowledge score and other variables of interest. There was a significant association between older age and greater knowledge scores (*p* \< 0. 001); respondents older than 46 years were approximately 13 times more likely to have a higher level of knowledge than those aged between 18 and 25 years (adjusted OR = 12.99, 95% CI = 4.45--37.9). Marital status was also a significant predictor of the level of knowledge (*p* \< 0. 001), as the LP-related knowledge of the married respondents was more likely to be poor as compared with that of the single respondents (adjusted OR = 0.41, 95% CI = 0.25--0.67). General awareness of LP procedure was another significant predictor of a higher knowledge score (adjusted OR = 5.4, 95% CI = 3.49--8.5). Unlike general awareness, familial-related experience of LP showed a negative correlation with a higher knowledge score (adjusted OR = 0.6, 95% CI = 0.47--0.94). The knowledge scores of the participants who expressed a fear of lumbar injections were lower than those who expressed no such fear (unadjusted OR = 0.45, 95% CI = 0.32--0.63). This relation remained after adjusting for confounders (adjusted OR = 0.46, 95% CI = 0.3--0.68).

###### 

Unadjusted and adjusted OR of acceptable knowledge score (⩾50%) across other factor of interests (*n* = 1223).

![](10.1177_2050312119871066-table5)

  Variable                                                                                                 Unadjusted   Adjusted                                                                                            
  -------------------------------------------------------------------------------------------------------- ------------ ---------- --------------------------------------------------------------------- ---------- ------- ---------------------------------------------------------------------
  Age                                                                                                                                                                                                                       
   18--25                                                                                                               Ref                                                                                         Ref     
   26--35                                                                                                  (.698)       1.07       (0.76--1.49)                                                          (.238)     1.34    (0.82--2.18)
   36--45                                                                                                  (.068)       1.50       (0.97--2.33)[\*](#table-fn11-2050312119871066){ref-type="table-fn"}   (.007)     2.66    (1.3--5.44)[\*](#table-fn11-2050312119871066){ref-type="table-fn"}
   46 and above                                                                                            (.028)       2.10       (1.08--4.06)[\*](#table-fn11-2050312119871066){ref-type="table-fn"}   (\<.001)   12.99   (4.45--37.9)[\*](#table-fn11-2050312119871066){ref-type="table-fn"}
  Sex                                                                                                                                                                                                                       
   Female                                                                                                               Ref                                                                                         Ref     
   Male                                                                                                    (.215)       0.83       (0.62--1.11)                                                          (.427)     1.17    (0.79--1.73)
  Residence                                                                                                                                                                                                                 
   City                                                                                                                 Ref                                                                                         Ref     
   Rural                                                                                                   (.807)       0.94       (0.59--1.52)                                                          (.501)     1.20    (0.71--2.01)
  Marital status                                                                                                                                                                                                            
   Single                                                                                                  (.570)       Ref                                                                              (.001)     Ref     
   Married                                                                                                 (.563)       1.09       (0.81--1.48)                                                          (\<.001)   0.41    (0.25--0.67)[\*](#table-fn11-2050312119871066){ref-type="table-fn"}
   Divorced or widowed                                                                                     (.342)       1.53       (0.64--3.69)                                                          (.785)     1.15    (0.42--3.14)
  Education level                                                                                                                                                                                                           
   Pre-high school level or high school diploma                                                                         Ref                                                                                         Ref     
   Bachelor's degree                                                                                       (.459)       1.15       (0.8--1.66)                                                           (.939)     1.02    (0.67--1.54)
   Postgraduate education                                                                                  (.361)       1.31       (0.74--2.32)                                                          (.717)     1.14    (0.57--2.25)
  Occupation                                                                                                                                                                                                                
   Unemployed or business person                                                                                        Ref                                                                                         Ref     
   Student                                                                                                 (.473)       0.88       (0.61--1.25)                                                          (.973)     1.01    (0.64--1.59)
   Employee                                                                                                (.916)       1.02       (0.7--1.48)                                                           (.503)     0.84    (0.52--1.38)
   Retired                                                                                                 (.105)       0.19       (0.02--1.42)                                                          (.005)     0.04    (0.01--0.37)[\*](#table-fn11-2050312119871066){ref-type="table-fn"}
  Health insurance                                                                                                                                                                                                          
   Yes^[a](#table-fn10-2050312119871066){ref-type="table-fn"}^                                             (.130)       0.78       (0.56--1.08)                                                          (.175)     0.78    (0.54--1.12)
  Income level                                                                                                                                                                                                              
   Middle                                                                                                               Ref                                                                                         Ref     
   Low                                                                                                     (.408)       0.82       (0.52--1.31)                                                          (.571)     0.86    (0.52--1.43)
   High                                                                                                    (.106)       1.34       (0.94--1.92)                                                          (.071)     1.43    (0.97--2.12)
  Questions                                                                                                                                                                                                                 
   *Hearing about lumbar puncture*^[a](#table-fn10-2050312119871066){ref-type="table-fn"}^                 (\<.001)     4.31       (2.95--6.31)[\*](#table-fn11-2050312119871066){ref-type="table-fn"}   (\<.001)   5.44    (3.49--8.5)[\*](#table-fn11-2050312119871066){ref-type="table-fn"}
   *Experience of lumbar puncture*^[a](#table-fn10-2050312119871066){ref-type="table-fn"}^                 (\<.001)     3.07       (2.04--4.62)[\*](#table-fn11-2050312119871066){ref-type="table-fn"}   (\<.001)   2.85    (1.74--4.66)[\*](#table-fn11-2050312119871066){ref-type="table-fn"}
   *Family member experience of lumbar puncture*^[a](#table-fn10-2050312119871066){ref-type="table-fn"}^   (.041)       1.35       (1.01--1.8)[\*](#table-fn11-2050312119871066){ref-type="table-fn"}    (.022)     0.67    (0.47--0.94)[\*](#table-fn11-2050312119871066){ref-type="table-fn"}
   *Being afraid of needle or injection on hand*^[a](#table-fn10-2050312119871066){ref-type="table-fn"}^   (.033)       0.72       (0.54--0.97)[\*](#table-fn11-2050312119871066){ref-type="table-fn"}   (.987)     1.00    (0.70--1.41)
   *Being afraid of needle or injection on VC*^[a](#table-fn10-2050312119871066){ref-type="table-fn"}^     (\<.001)     0.45       (0.32--0.63)[\*](#table-fn11-2050312119871066){ref-type="table-fn"}   (\<.001)   0.46    (0.3--0.68)[\*](#table-fn11-2050312119871066){ref-type="table-fn"}

OR: odds ratio; CI: confidence interval; VC: vertebral column.

"No health insurance" is the reference group.

*p* value significance at level 0.05.

Relationship between acceptable attitude scores and other factors {#section17-2050312119871066}
=================================================================

[Table 6](#table6-2050312119871066){ref-type="table"} describes the association between acceptable attitude scores and other factors of interest. There was a significant association between the acceptable level of knowledge and the acceptable attitude level in both the unadjusted and adjusted analyses (unadjusted OR = 2.73, 95% CI = 1.17--6.38; adjusted OR = 2.30, 95% CI = 1.06--5.66). There was a slight decrease in the acceptable level of attitude of employees when compared with that of unemployed or business people (unadjusted OR = 0.36, 95% CI = 0.17--0.77; adjusted OR = 0.37 95% CI = 0.15--0.93). Some factors such as aged between 36 and 45 years, male sex, and retirement showed a significant association with the acceptable level of knowledge before adjusting for confounders (*p* \< 0.05), but these associations were not maintained after the adjustment. The attitudes of the participants who were aware of the LP procedure were better (approximately two and a half times higher) than those of the participants who had never heard of the procedure. This relation was noted in both the adjusted and unadjusted analyses. The participants who reported previous LP-related experience had poorer attitudes as compared with those of their counterparts (OR = 0.33, 95% CI = 0.13--0.80). A fear of upper arm injections was associated with poorer attitudes in both analyses (OR = 0.54, 95% CI = 0.32--0.91). None of the other variables showed a significant association with acceptable attitude scores (*p* \> 0.05).

###### 

Unadjusted and adjusted OR of acceptable attitude score (⩾50%) across other factor of interests (*n* = 1223).

![](10.1177_2050312119871066-table6)

  Variable                                                                                                 Unadjusted   Adjusted                                                                                         
  -------------------------------------------------------------------------------------------------------- ------------ ---------- --------------------------------------------------------------------- -------- ------ ---------------------------------------------------------------------
  Knowledge                                                                                                                                                                                                              
   Unacceptable level of knowledge                                                                                      Ref                                                                                       Ref    
   Acceptable level of knowledge                                                                           (.019)       2.73       (1.17--6.38)[\*](#table-fn14-2050312119871066){ref-type="table-fn"}   (.042)   2.30   (1.06--5.66)[\*](#table-fn14-2050312119871066){ref-type="table-fn"}
  Age                                                                                                                                                                                                                    
   18--25                                                                                                               Ref                                                                                       Ref    
   26--35                                                                                                  (.735)       1.11       (0.61--2.02)                                                          (.992)   1.00   (0.42--2.38)
   36--45                                                                                                  (.025)       0.48       (0.25--0.91)[\*](#table-fn14-2050312119871066){ref-type="table-fn"}   (.176)   0.45   (0.15--1.42)
   46 and above                                                                                            (.105)       0.44       (0.16--1.19)                                                          (.248)   0.36   (0.07--2.02)
  Sex                                                                                                                                                                                                                    
   Female                                                                                                               Ref                                                                                       Ref    
   Male                                                                                                    (.025)       0.58       (0.36--.94)[\*](#table-fn14-2050312119871066){ref-type="table-fn"}    (.772)   0.91   (0.49--1.69)
  Residence                                                                                                                                                                                                              
   City                                                                                                                 Ref                                                                                       Ref    
   Rural                                                                                                   (.511)       0.78       (0.38--1.62)                                                          (.445)   0.74   (0.34--1.6)
  Marital status                                                                                                                                                                                                         
   Single                                                                                                  (.367)       Ref                                                                              (.502)   Ref    
   Married                                                                                                 (.398)       0.81       (0.49--1.33)                                                          (.704)   1.17   (0.52--2.63)
   Divorced or widowed                                                                                     (.211)       0.45       (0.13--1.57)                                                          (.352)   0.52   (0.13--2.08)
  Education level                                                                                                                                                                                                        
   Pre-high school level or high school diploma                                                                         Ref                                                                                       Ref    
   Bachelor's degree                                                                                       (.310)       1.35       (0.76--2.4)                                                           (.842)   1.07   (0.57--1.99)
   Postgraduate education                                                                                  (.202)       0.60       (0.27--1.32)                                                          (.447)   0.70   (0.28--1.76)
  Occupation                                                                                                                                                                                                             
   Unemployed or business person                                                                                        Ref                                                                                       Ref    
   Student                                                                                                 (.056)       0.48       (0.22--1.02)                                                          (.049)   0.41   (0.17--0.99)[\*](#table-fn14-2050312119871066){ref-type="table-fn"}
   Employee                                                                                                (.009)       0.36       (0.17--0.77)[\*](#table-fn14-2050312119871066){ref-type="table-fn"}   (.034)   0.37   (0.15--0.93)[\*](#table-fn14-2050312119871066){ref-type="table-fn"}
   Retired                                                                                                 (.020)       0.19       (0.05--0.77)[\*](#table-fn14-2050312119871066){ref-type="table-fn"}   (.561)   0.56   (0.08--4)
  Health insurance                                                                                                                                                                                                       
   Yes^[a](#table-fn13-2050312119871066){ref-type="table-fn"}^                                             (.475)       1.22       (0.71--2.11)                                                          (.402)   1.29   (0.71--2.35)
  Income level                                                                                                                                                                                                           
   Middle                                                                                                               Ref                                                                                       Ref    
   Low                                                                                                     (.302)       0.71       (0.37--1.37)                                                          (.100)   0.55   (0.27--1.12)
   High                                                                                                    (.781)       0.91       (0.49--1.72)                                                          (.718)   0.88   (0.45--1.73)
  Questions                                                                                                                                                                                                              
   *Hearing about lumbar puncture*^[a](#table-fn13-2050312119871066){ref-type="table-fn"}^                 (\<.001)     2.61       (1.61--4.24)[\*](#table-fn14-2050312119871066){ref-type="table-fn"}   (.004)   2.61   (1.35--5.06)[\*](#table-fn14-2050312119871066){ref-type="table-fn"}
   *Experience of lumbar puncture*^[a](#table-fn13-2050312119871066){ref-type="table-fn"}^                 (.573)       0.80       (0.37--1.72)                                                          (.015)   0.33   (0.13--0.8)[\*](#table-fn14-2050312119871066){ref-type="table-fn"}
   *Family member experience of lumbar puncture*^[a](#table-fn13-2050312119871066){ref-type="table-fn"}^   (.073)       1.61       (0.96--2.71)                                                          (.832)   0.93   (0.48--1.81)
   *Being afraid of needle or injection on hand*^[a](#table-fn13-2050312119871066){ref-type="table-fn"}^   (.001)       0.45       (0.28--0.73)[\*](#table-fn14-2050312119871066){ref-type="table-fn"}   (.021)   0.54   (0.32--0.91)[\*](#table-fn14-2050312119871066){ref-type="table-fn"}
   *Being afraid of needle or injection on VC*^[a](#table-fn13-2050312119871066){ref-type="table-fn"}^     (.013)       0.28       (0.10--0.77)[\*](#table-fn14-2050312119871066){ref-type="table-fn"}   (.036)   0.37   (0.13--1.11)

OR: odds ratio; CI: confidence interval; VC: vertebral column.

"No health insurance" is the reference group.

*p* value significance at level 0.05.

Discussion {#section18-2050312119871066}
==========

The LP procedure plays an essential diagnostic role, as well as a role in anesthetic and therapeutic indications, in several neurological diseases. Training in procedure conduction and the presence of an optimal laboratory facility play an important role in accurate and safe CSF studies. Patients' and relatives' LP misconceptions are one of the main reasons for LP rejection.^[@bibr14-2050312119871066],[@bibr15-2050312119871066]^ To the best of our knowledge, this is the first study to examine public knowledge and attitudes concerning the LP procedure among Saudi adults in Riyadh, Saudi Arabia. Previous studies on this issue in different settings have found that the public lacks an appropriate level of knowledge about, in addition to having poor attitudes toward, LPs. In this study, 80.8% of the respondents were poorly informed (standardized score: \<50%) about the LP procedure. Moreover, LP-related attitudes were directly proportional to the participants' levels of knowledge. Those with greater knowledge levels had better attitudes toward the LP procedure and vice versa. These findings support those of earlier studies by Wan Sulaiman et al.,^[@bibr1-2050312119871066]^ Borhani-Haghighi et al.,^[@bibr16-2050312119871066]^ and Farag et al.,^[@bibr17-2050312119871066]^ which also found a significant relationship between attitudes and knowledge levels (*p* \< 0.0001). In this study, after adjusting for confounders in the logistic regression test, age older than 36 years, an awareness of the LP procedure and previous experience of the procedure were the only factors that showed a positive significant association with an acceptable level of knowledge. In contrast to the results of the study by Borhani-Haghighi et al.,^[@bibr16-2050312119871066]^ level of income, sex, education level, and place of residence (e.g. a city) were not statistically significant in this study, whereas LP-related experience was significant in both studies. Furthermore, Farag et al.^[@bibr17-2050312119871066]^ illustrated that males were more prone to accepting LP procedures. However, in this study, the logistic regression tests showed no significant differences in the attitudes toward LP.

The findings of this study are in accordance with those of Wan Sulaiman et al.,^[@bibr1-2050312119871066]^ who found a significant negative association between needle injection fear and attitudes toward LP. A fear of needles can range in scale from mild to extreme (needle phobia). The anxiety associated with needle phobia may result in avoidance of medical care, with adverse consequences in terms of health outcomes. According to the *Diagnostic and Statistical Manual of Mental Disorders* (5th ed.; *DSM*-5), the incidence of a psychiatric disorder known as blood-injection-injury phobia^[@bibr18-2050312119871066]^ affects around 1 in every 10 people.^[@bibr1-2050312119871066],[@bibr19-2050312119871066]^ Both types of fear of injections, either in the upper arm or lumbar regions, showed a significant unadjusted association with poorer attitudes toward LP. Medical providers need to be aware of this condition because of its potential impact on medical management and outcomes. A systematic review illustrated that multiple sessions of exposure-based psychological therapy, imaginal exposure interventions, and applied tension were effective methods of treatment for minimizing fears associated with needles.^[@bibr20-2050312119871066]^

The majority of the participants in this study failed to comprehend the answer to the knowledge questions and stayed neutral to the attitude questions manifest the decent chance to enhance the attitude of the public toward the LP procedures primarily via education. The bulk of the participants, in common with most sectors of society, did not seem to be aware of the importance of the LP procedure as a diagnostic technique for central nervous system infections, such as meningitis and encephalitis. Aside from the relation of knowledge and attitude, most of the participants expressed an interest in LP-related education, which is an important point that our attitude's result point out, and this was in support with Borhani-Haghighi et al.'s^[@bibr16-2050312119871066]^ findings. Educational interventions to evaluate the impact on LP-related knowledge and attitudes should be investigated more closely. With a higher level of knowledge, people will be better equipped to evaluate the risks and benefits of the LP procedure and hopefully be willing to accept the LP procedure.^[@bibr21-2050312119871066]^

This study addressed the issue of LP rejection and its importance in terms of the serious complications that may ensure due to delayed diagnoses and treatments. The findings demonstrated that the level of LP-related knowledge among the public was relatively low and that this significantly predicted poor attitudes. There is a crucial need for the health ministry and policy makers to raise awareness of the importance of the LP procedure and LP-related complications through social media and health-related campaigns.

Limitations {#section19-2050312119871066}
===========

The limitations of this study include the self-reported nature of the data, which has the potential for misclassification. Second, Cronbach's alpha was 0.701, which indicated that the questionnaire may have only a moderate level of reliability. In addition, as this study was conducted in a specific region (Riyadh), the findings may not be applicable to other Saudi regions that have different habits, cultures, and beliefs. Furthermore, a single questionnaire is not sufficient to comprehensively cover all aspects of the LP procedure. Likewise, in this study, the STC database was used to select our participants, so there is a probability for old people and those with low education level to be less included, whereas young and people with good education level to be more included. Future studies should assess other factors that could influence public knowledge and attitudes toward LP. Regardless of these limitations, this prefatory study provides baseline information on public awareness and attitudes toward the LP procedure, in addition to information on factors that affect LP-related knowledge and attitudes among the public. As the data are recent, they are more likely to reflect the current status of the population. Further population-based cohort studies, as well as interventional test studies, are needed to verify the results of this study.

Conclusion {#section20-2050312119871066}
==========

This study addressed the issue of LP rejection and its importance in terms of the serious complications that may ensure due to delayed diagnoses and treatments. The findings demonstrated that the level of LP-related knowledge among the public was relatively low and that this significantly predicted poor attitudes. There is a crucial need for the health ministry and policy makers to raise awareness of the importance of the LP procedure and LP-related complications through social media and health-related campaigns.
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